Abstract. Public educational buildings require a high level of indoor comfort conditions to be achieved for their users. The vast majority of educational buildings in Cyprus consist of typical typologies and construction characteristics. The designs show significant similarities, extensive standardization of building components and construction methods and a reliance on previously tested building models. The intent of this paper is to investigate the energy performance of a typical classroom, as well as to evaluate various methods for improving energy performance, based on construction interventions.
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For the investigation of the energy performance of the case studies, a standard methodology for the calculation of the energy performance of buildings in Cyprus has been applied, based on the directive 2002/91/EC for the energy classification of buildings (software SBEMcy v3.3.d). The base model used for the investigation is examined according to the four orientations and the four climatic zones of Cyprus.
The analysis consists of a comparison of the energy consumption and carbon dioxide footprint of each building model to the respective energy-and environmental parameters of a reference building. Construction improvement strategies for the energy performance of the educational space (thermal insulation) and other construction interventions (buffer zones, solar spaces) are examined.
The results of the analysis for each construction or architectural intervention are then compared to allow for an evaluation of the respective contribution to the decrease in energy demands and carbon dioxide emissions, as to the typical classroom in its present state.
Introduction
The school building is the first contact between a person and a public building and it is also a demanding space regarding the comfort levels [1, 2, 3] . The majority of educational buildings in Cyprus consists of typical typologies and construction characteristics. The buildings were mainly designed by the Technical Services Authorities of the Ministry of Education and Culture of Cyprus. The designs show significant similarities, extensive standardization of building components and construction methods and a reliance on previously tested building models. The architectural design of a school building arises without any speculation concerning the climatic conditions, the appropriate orientation and the arrangement of openings in relation to the prevailing local wind flow [4] .
The typical school building's structural system is made of reinforced concrete, referring to the majority of the buildings in Cyprus. The structural design of typical school buildings presents regularity and a significant level of standarisation. The columns of the building are placed on a 7 x 4 m grid. Classrooms mainly consist of two construction modulus, resulting to slightly rectangular sections with dimensions of approximately 7 x 8 m and 50 to 60 m 2 in area. [4] . The walls are made of local perforated bricks of dimensions 20 x 30 x 10 cm. The overall width of the brickwork is 25 cm including coating. Typical school buildings do not have thermal insulation within the exterior walls, brickwork, props or stilts. Openings are usually filled with aluminum frames, rarely with metal frames, whereas in all cases a single glass pane is used [4] .
Energy Performance of School Premises
This study examines the energy performance of classrooms in typical school premises, as well as the methods of improvement of energy performance through construction interventions. The Methodology of Calculation of the Building Energy Efficiency, developed according to the Energy Performance of Buildings, is employed in order to investigate the energy efficiency of the school premises [5] . The calculation of energy consumption and energy categorization of the buildings is accomplished with the use of the calculation software SBEMcy v3.3.d. [6] .
A classroom in a two-storey linear row of classes has been selected for the investigation of the energy efficiency of typical school buildings. The room of investigation is situated in central position within the building, with rooms (heated areas) at the two sides. There is also a classroom (heated area) on the ground floor. The exposed elements to the climate changes are the classroom roof and the two large sides including the openings (the main openings and the skylight), Fig.1 For the investigation of the energy efficiency of a typical classroom, a model of the building's geometrical characteristics has been created with the SBEMcy v3.3.d software [6] . The specifications of the reference building are used in order to assess the particular building model.
According to the Methodology of Calculation of Building Energy Efficiency, the reference building has the same dimensions of exterior walls and functions, as well as the same climatic zone and orientation as the actual building. Concerning the reference building, the construction characteristics of exterior walls are determined by the Energy Service of the Ministry of Commerce, Industry and Tourism [5] .
The assessment of the energy efficiency of the classroom at its present state is based on the comparative assessment of energy consumption for heating and carbon dioxide emissions, with the respective figures of energy consumption and emissions of the reference building. A series of construction interventions is suggested for the improvement of energy efficiency of the typical classroom. The contribution of these interventions in relation to the energy attitude of the typical classroom is assessed based on the comparative presentation of energy consumption and carbon dioxide emissions of each intervention with the respective figures of a typical classroom at its present state.
Assessment of Classroom Energy Efficiency
The assessment of the typical classroom's energy efficiency at its present state is based on its energy consumption for heating and carbon dioxide emissions at the four different climatic zones and orientations. Compared to the energy consumption for heating of the reference building, the energy consumption of a typical classroom with south orientation at its present state is presented rather high in all climatic zones, Fig. 3 . Regarding the carbon dioxide emissions per square meter, per running year of the typical classroom at its present state, these are presented in relation to the thermal consumption. A gradual increase is presented from climatic zone 01 to climatic zone 04, and the same sequence with the energy consumption for heating is followed. Therefore the energy performance of typical classrooms at their present state is considered significantly unfavorable. The energy demands for heating needs show a significant deviation in relation to these of the reference building. As a result, the running of the school building is significantly energy-consuming and results to negative environmental consequences.
Assessment of Improvement of Classrooms Energy Efficiency Through Construction Interventions
The assessment of construction interventions in the classrooms is based on the comparative assessment of energy consumption for heating and carbon dioxide emissions in relation to the respective parameters of the typical classroom at its present state and the reference building. Furthermore, a comparative assessment of energy demands and carbon dioxide emissions is made for the different climatic zones and orientations.
A. Construction interventions
Thermal insulation of the roof and the exterior walls, as well as the heat insulating protection of external openings through the replacement of single glazing with Low-E double glazing are recommended for the complete thermal insulation of the building envelope.
1) Typical school room with thermal insulation of the roof.
The placement of styrofoam with a thickness of 50 mm at the roof of the classroom and the dry placement of cement flagstones above the surface of thermal insulation is recommended in order to consolidate and protect the insulation. Thermal insulation installation does not affect the present humidity buffering and neither the construction's overall effective heat capacity.
2) Typical classroom with thermal insulation of the
roof and the exterior walls. The thermal insulation of the roof, as it is described above and additionally the thermal insulation of the exterior walls with the use of stone wool in drywall is recommended.
3) Typical classroom with thermal insulation of
building envelope. Thermal insulation of the roof and the exterior walls, as described above, as well as the heat insulating protection of external openings through the replacement of single glazing with Low-E double glazing are recommended for the complete thermal insulation of the building envelope.
B. Results of construction interventions
According to the above, the thermal insulating protection of the building envelope is proven to be a significant parameter to the improvement of a typical classroom's energy efficiency. The energy consumption for heating decrease is almost proportional to each one of the additional heat insulation interventions, as presented in Fig. 4 . [6] .
Assessment of Improvement of The Energy Efficiency of Classroom Through Architectural Interventions
A series of architectural interventions is recommended for the improvement of the energy efficiency of a typical classroom. The contribution of these interventions to the energy performance of the typical classroom is assessed based on the comparative presentation of energy consumption for heating and carbon dioxide emissions of each intervention, with the respective figures of energy consumption for heating and emissions of the typical classroom at its present state.
A. Creation of buffer zones in typical classrooms with north orientation
The creation of buffer zones in typical classrooms with north orientation is suggested due to the considerable thermal loss that develops with north orientation in all The energy demands of a typical classroom with north orientation and buffer zones are presented in The energy consumption rates for heating decrease in relation to the respective rates of a typical classroom at its present state. The rates of the energy consumption for heating decrease fluctuate from 2.53 % in climatic zone 01 to 11.32 % in climatic zone 04. Concluding, the creation of buffer zones has a significant effect to the colder climatic zones (table 1). Carbon dioxide emission is proportional to thermal consumption. A gradual increase is presented from climatic zone 01 to zone 04 and rates fluctuate from 50.76 Kg CO2/m 2 /yr in climatic zone 01, to 133.02 Kg CO2/m 2 /yr in climatic zone 04.
The decrease in the rates of carbon dioxide emission fluctuates from 1.25 % in climatic zone 01, to 9.31 % in climatic zone 04. The decrease in the rates of carbon dioxide emissions is more significant in colder climatic zones. For climatic zones 02 and 03 the decrease in rates of carbon dioxide emission is similar.
Therefore creating buffer zones in typical classrooms with north orientation, improves the energy performance of classrooms with more significant effects in colder climatic zones, where the rate of decrease reaches 9.47 % in contrast to the rate of a typical classroom at its present state. Furthermore, the creation of buffer zones offers a range of advantages related to the creation of a nonthermal space of detonation, to the sound-proof improvement of the classroom etc.
B. Creation of a solar space in typical classrooms with south orientation
The creation of solar space in typical classrooms with south orientation is proposed due to the significant solar benefits of south orientation. Consequently, the maximization of thermal collection, storage and transportation of solar energy into the internal of functional spaces and particularly into the classrooms are provided. The issue of deactivating the function of the solar space during cooler periods is provided by opening parts of the glass openings Fig. 7, 8 . The placement of aluminum frames with single safety glass along the opening corridor creating a set, non thermal zone at the front of the south openings of the classroom is structurally recommended in order to convert the corridor into a set, non thermal space.
The appropriate design of aluminum frames enables the opening part of the glass window and therefore deactivates the solar disposition during hot periods.
The energy demands arising from the energy consumption for heating of a typical classroom of south orientation with solar space annexation are presented in 2 /yr to climatic zone 04. The decrease at the rates of carbon dioxide emission fluctuates from 13.34 % in climatic zone 01 to 25.39 % to climatic zone 4. The decrease of the rates of carbon dioxide emission is more significant in colder climatic zones. For climatic zones 02 and 03 the rates of decrease appear to be similar.
The creation of solar spaces in typical classrooms with south orientation, significantly improves the energy performance of typical classrooms with an average decrease of 28.69 % on respective energy demands compared to that of a typical classroom at its present state.
The appropriate design of glass frames ensures the deactivation of the solar space function during cooler periods. Furthermore, the creation of a solar space provides advantages related to the creation of a nonthermal detonation, the improvement of sound proofing, etc.
Conclusions
The energy consumption for heating of a typical classroom appears rather high. Improvement methods of the classroom's energy performance may be sought with constructionand architectural interventions. Construction interventions refer to methods of thermal insulation protecting the building cover. They are also significant for the improvement of the classroom's energy efficiency. Consequently the energy demands for heating appear rather limited in comparison to those for the typical classroom.
However, uncontrolled ventilation is the primary cause of thermal loss resulting to energy loss (negative effects for the energy benefits), as a result of the construction interventions. Therefore, the installation of necessary ventilation during winter with the use of controlled technical ventilation is suggested. A technical system of ventilation with heating inverter reduces the thermal losses. The use of technical ventilation with the use of CO 2 concentration censors ensures the necessary air circulation and the appropriate air quality inside the space.
Architectural interventions refer to the creation of buffer zones in typical classrooms with south orientation and to the creation of solar spaces in typical classrooms with south orientation. In the case of solar spaces, the use of pre-heated air is proposed for the ventilation of the classrooms. These methods significantly improve the energy performance of typical classrooms. Additionally, such interventions offer a range of advantages related to the creation of a non-thermal detonation space, the improvement of classroom sound proofing, etc.
The recommended measures and improvement strategies, apart from the limitation of energy demands and the positive environmental effects, ensure also the improvement of comfort conditions as well as the living conditions of the users of the school building [3, 7] .
